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(54) DATA PROCESSOR 

(57) A data processor including: a CPU (1) for per- 
forming a wait operation upon input of a wait signal (10) 
to its wait terminal (9); a wait/wait cancel instruction set- 
ting register (11) to which the CPU (1) sets a wait 
instruction and a wait cancel instruction; and a wait con- 
troller (12) for outputting a wait signal to the wait termi- 
nal (9) of the CPU (1) in accordance with the setting of 
the register (11), wherein the inventive data processor 
allows a wait state to be set and canceled as pro- 
grammed independently of address space constraints. 



r 

O. 
LU 
GO 



FIG.2 



10 

\ 



13 

s 



.12 



-5 



o 



O) 

o 
Q. 

LU 

Primed by Xerox (UK) Business Services 



1 



EP 0 901 070 A1 



2 



Description 
TECHNICAL FIELD 

[0001] The present invention relates to a data proces- 
sor having a central processing unit (called the CPU 
hereunder) and such accessible devices as a memory 
and I/O devices that may be accessed by the "CPU, and 
more particularly to the control of wait operations when 
the CPU gains access to a device to be accessed at a 
low speed. 

BACKGROUND ART ~ J 

[0002] There is conventionally known data processors 
that perform access operations involving a wait state on 
accessible devices running at low speed. This type of 
J data processor causes the CPU to wart temporarily 
upon access to a low-speed accessible device by feed- 
ing a chip seledt signal back to a wait terminal of the 

[0003] Fig. 1 is a view showing a constitution of such 
a conventional data processor. In Fig. f 1 reference 
numeral 1 stands for a CPU providing overall control of 
the data processor; 2 for an address decoder for decod- 
ing addresses output by the CPU' 1 1 ; 3 for an I/O device 
at a low : speed (called the low-speSd device hereunder) 
among configured I/O devices' as accessible, devices 
assigning a predetermined address; and 4 for an 
address/data bus" linking the CPU 1, the address 
decoder 2 , and the low-speed device 3. Reference 
numeral 5 for a chip select signal 'output from the 
°address decoder 2; 6 for a read signaii' output from the 
CPU 1 ; and 7 for a write signal also output by the same. 
Reference numeral 8 for a chip select terminal of the 
low-speed r device 3; and 9 for a wait terminal of the CPU 

[0004] Next, operations will be diescribed. J 
[0005] When the CPU Vis to reaid data from the low- 
speed device 3. the CPU V first places onto the 
address/data bus 4 a target intra-device address from 
which to read the data. The address from the CPU 1 is 
sent to the address decoder 2 t and the address decoder 
2 decodes the received address and outputs accord- 
ingly a chip select signal 5 to select the predetermined 
accessible device. This chip select signal S is input to 
the chip select terminal 8, whereby the low-speed 
device 3 is selected. ' 

[0006] The tow-speed device 3 selected by the chip 
select signal 5 outputs data onto the address/data bus 4 
when the read signal 6 is received from the CPU 1. At 
' this point; however, since the chip select signal 5 is 
being fed back to the wait terminal 9 of the CPU 1 , the 
CPU 1 performs a wait operation. After this wait opera- 
tion, the data placed by the low-speed device 3 onto the 
address/data bus 4 are read into the CPU 1 in accord- 
ance with the read signal 6. 

[0007] Then, when the CPU 1 is to write data to the 



low-speed device 3, the CPU 1 first outputs onto the 
address/data bus 4 a target intra-device address to 
which to write the data, as in the case of reading data. 
The address 1 decoder 2 decodes the received address 
5 and outputs accordingly a chip select signal 5, and the 
chip select signal 5 isinput to : the chip select terminal 8 
•of the low-speed de/ice 3, whereby the device 3 is 
selected: 

[0008] After placing the address onto the 

io address/data bus 4, the CPU T outputs a write signal 7 
causing the"data to be output -onto the bus 4: At this 
point] however, since the chip select signal 5 is being 
fed bac£ to the wait terminal 1 9^of the CPU 1, the CPU 1 
performs the wait operation. After this wait operation, 
* 75 the data placed onto the address/data bus 4*are written 
to the low-speed device 3 in accordance with the write 
signal 7 from th£ CPU 1 . ■ • . ^ 
[0009]" Since the bonvehtional data processor has the 
~ above cbnstitutiori.' the addresses to b& accessed 
20 - through wait operations are' fixed " by 'the address 
" decoder 2. To change such addresses requires per- 
forming troublesome circuit modifications involving the 
" replacement of the address decoder 2, thus there is a 
problem. "* : 

25 [0010] In addition, there is a problem that when the 
wait access depends on the address, so that if the low- 
speed device 3 having different read*' and write access 
speeds, i.e., a high-speed for read access and a low- 
: ^ speed for write Access, is us£d, the CPU 1 must wait for 
30' a redundant time if it is met to the write access speed, 
£nd on the other hand; the data carino* be written if it is 
' met to the read access speed: v 
[001 i] Furthermore, in recent years, although system 
e ' control programs are written in a flash memory in micro- 
35 ^ computer-applied systems, sdfrie of these^ystems may 
' have their programs written to an expensive flash mem- 
: dry at their prototype trial stage and later to-anin'expen- 
' sive one-time ROM r -(read-bhly memory)- at the 
oonimercfai stage. In- such -cases! for -thVabove- 
"40 described reasons, there is a problerri that the read 
access speed rhay became low^ 
v ' operating speed bf th£ entire system is reduced unac- 
ceptably), or ft may b^ome impossible^ to Write data to 
tine if lash memory. ! 
'■45 : [0012] Techniques related to the above-described 
type of cbnventibhal data processor arfe disclosed illus- 
trativelyin JP : A No. Shb 62-217350, as well as in JP-A 
■No. Hei 3-9i9354; " " v : 

[0013] The apparatus discussed in the above-cited 
so jP-A No. Sho 62-21 7350' involves" a CPU equipped with 
storage means for storing, in a concentrated manner, a 
" response speed 1 corresponding to each of the I/O 
devices configured:" Every time any one of the I/O 
devices is selected, the corresponding information held 
55 in the storage means is read out as the reference speed 
for performing a wait operation. In that case, since the 
wait operation is carried out at the time of the selection 
of an I/O device, there is a problem that it is impossible 



3 



EP 0 901 070 A1 



4 



for any program to freely, set or cancel wart operations 
independently of the address space or read/write 
access. . - 

[0014] tniaddrtion, the apparatus described in the 
above-cited JR-ANo. Hei 3-99354 performs wait opera- 
tions when, upon receipt of a ready signal from a mem- 
ory or an I/O device, the active position of the ready 
signal to be transmitted to the CPUJs changed in a pro- 
grammable manner. In this case, th^ fact that signals 
are received from the. memory .and i/O devices 
demands inevitable- dependence for control on the 
address space, thus there is a problem. ... 
[001 5] The present invention is achieved to overcome 
the abqye-described drawbacks and disadvantages and 
to obtain a data processor which eliminates the need for 
troublesome circuit modifications when a wait operation 
becomes necessary for f each, read^ or write access 
because. the . address space^of the CPU i^ altered or 
because, a memory or any of^conf igured ,IZO,deyices is 
changed„.the, data, processor allowing a suitable pro- 
gram to set or cancel wait operations, as, desired and 
free of constraints dictated convention|Hy by the 
address space or r^adAwrjte access. - : ; 

DISCLOSURE OF INVENTION^ "\ - 

[0016] In the"present.invention,/there is provided a 
data processor comprising: a CPU,. for petft^ng a ws=iit 
operation when a wait signal- is- input tp.a wait terminal 
of the CPU; await/wait cancel instruction settipg regis- 
ter to which the CPU sets a wait instruction pnd a wait 
cancel instruction; and, a wait controller for.outputting 
the wait signal to. the wait terminal of the CPU in accord- 
ance with the setting of the wart/waif cancel ^instruction 
setting registered indepeixjently. of cin .address^space 
of the CPU. Owing to. this, the 'wait setAivajt cancel can 
be freely performed by the program : no^i^stending the 
address spaces, and even if there is a r change. of the 
address space; the memory or the UOjieyices, the data 
processor can be actualized in whiph the jsperation can 
be carried out by only the mpdification c>f the prpgram. 
[001 7] Further, \n the present invention, the data proc- 
essor may comprise: a CPU .for, extending a,bus cycle 
while a ready signal is being input io c a ready terminal of 
the CPU; a wait/wait cancel instruction. getting register 
which has a bus cycle extension count designating func- 
tion and to which the CPU sets a wf it instruction,; a wait 
cancel instruction and a bus cycle extension count N; 
and a wait controller for outputting the ready signal hav- 
ing an ,N-cycie width to the ready.terminal of the CPU in 
accordance, with the setting of the wait/wait cancel 
instruction setting register having the bus cycle exten- 
sion count designating function and independently of an 
address space of the CPU. Owing to this, since the N- 
times bus cycle extensions can be performed freely by 
the program notwithstanding the address spaces, and 
since the nunnber of bus cycle extensions N becomes 
programmable, the data processor can be actualized in 



which the operation can be carried out by only the mod- 
ification of the program for diverse memory and I/O 
device arrangements. 

[0018] Moreover, in the present invention, the data 
5 processor may comprise: a CPU for extending , a bus 
cycle while a ready signal is being input to a ready ter- 
minal of the CPU; a bus cycle extension count setting 
register to, which the CPU sets a bus. cycle extension 
count N; a wait/wait cancel instruction setting register; 
w and a wait controller for outputting a ready signal of an 
N-cycle width to the ready terminal of the CPU in 
accordance with the settings of the both registers. 
Owing to this, sirjice the N-times bus cycle extensions 
can be performed freely by the program notwithstanding 
is . the address spaces, and since the number of bus cycle 
extensions Kl becomes programmable, the data proces- 
sor t cah be^actualized in which the operation can be car- 
r * i,ried tl aut v by only 'the modification of the program for 

diverse memory and I/O device arrangements.- 
r ?p .. [0019] , .Further, jri,the present invention, there is pro- 
' " ~ vided'a data processor comprising: a CPU for perform- 
ing a war^ 'operation when a wait signal is input, to a wait 
terminal ofjthe ^ ppuTa wait setting register which has a 
wait operation . enable, cycle count designating function 
25, , ard^tojwh^ a; wait instruction and a wait 
operation. enable cy,c.ie count M; and a wait controller for 
\ outputting awart.siV*^ M-cycle width to the 

. >: . wartjermih^ with the setting 

" ' 'of .the wait setting^egist6r witi} the wait operation, enable 
Jo .count .designing iujictiorj .and independently of an 
\ - .. \ addre^si^q jot^the pPJU. Owing "to this, .the wait set 
"!! .and Vp'.^ cap be>erformed freely 

/ \ !by ^e/pri^am" nQtw&hstandihg r the address spaces, 
i . jind si£ce f the hurrtoecM otthe jwarj operations becomes 
35 programmable, the datefprocessor can be actualized in 
which the. wait set/cancel can be performed by only set- 
. , ting a cbuntjvaiue without the wait cancel instruction. 
c . " [Q020] r^urthenmore, jh the present invention, thedata 
V^,. 'processor! may ^compr^e:. a CPU for extending a bus 
^40 . cycie' while a/eady sighafis being inplrt to a r,eady ter- 
\J„ minal of th^Cp.U^ a bus cycle extension count.setting 
. r . .register ^ a wait setting register Ifaviji^.a wait operation 
, y enable cycle count designating fanctiqh ; and.a wait con- 
1 T r " . troiier for pu^utting a ready 'signal )o the jeady, terminal 
of,.the r 0PU jn a^ordance y^ith th^s.ettings of the two 
registers and independently of ah address. space of the 
.. -CPU, ; Owing to this. siricQ the.^-times-bus pycle exten- 
, j . sions can be performecJ freely by th^program rjotwith- 
. . standing jfte addr.es^s^ M 
,50 of the wait qperatiqn's be^mi^prqgrj^ the data 
, processor can bje actualized jn whi ch .the. wait set/cancel 
( - can.be performed by" only setting a count value without 
tfie wait cancel ihstruction. 

55 BRIEF DESCRIPTION OF DRAWINGS 

[0021 ] Fig. 1 is a schematic diagram of a conventional 
data processor; Fig. 2 is a schematic diagram of a data 
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processor practiced as a first embodiment of this inven- 
tion; Fig. 3 shows timing charts showing operational tim- 
ings of the first embodiment; Fig. 4 is a schematic 
diagram of. a data processor practiced as a second 
embodiment of the invention; Fig, 5 is a schematic dia- 
gram of a data processor practiced as a third embodi- 
ment of the invention; Fig. 6 is a schematic diagram of a 
data processor practiced as a fourth embodiment of the 
invention; and Fig. 7 is a schematic .diagram of a data 
processor practiced as a fifth embodiment of the inven- 
tion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] To explain this invention in detail, the best 
mode for carrying out the invention will be described 
with reference to the accompanying drawings hereinbe- 
Low. ,~ V . /" 

First Embodiment ~ 

[0023] Fig! 2.shows one example of a constitution of a 
. data processor practiced as the first embodirnent of this 
invention, and Fig. 3 depicts opefatipnal timings thereof 
In Fig. 2, reference numerar 1 stands for a.CPU provid- 
ing overall control of the data processor; 2 for an 
address decoder for decoding addresses ^output by the 
CPU 1 ; 3 for a low-speed device which is an accessible 
device assigned a predetermined address; 4 for an 
address/data bus linking the CPU 1 , the address 
decoder 2 and the low-speed device. 3; 5 for a chip 
select signal output by the address decoder 2; 6 for a 
read signal output by the CPU 1; 7 for a .wrrte signal out- 
put by the CPU 1 ; 8 for a chip select' terminal of the low- 
speed device 3 for receiving { the chip select signal 5 
from the address decoder. 2; and 9 for a wait terminal of 
the CPU 1. These parts (Respond to their conven- 
tional counterparts having trie^same reference numerals 
in Fig. 1 . 

[0024] In addition, reference numeral 10 stands for a 
wait signal input to the wait terminal 9 of the CPU 1 ; and 
1 1 for a wait/wait cancel .rnstrt^on^setting register to 
which the CPU sets a wart instruction and a wait cancel 
instruction. Reference numeral 12 for a wait signal gen- 
erator acting as a wait j^ntroiler generating a wart signal 
10 to the CPU 1 in accordance with Jhe getting of the 
wait/wait cancel instruction setting register 1 1 and "inde- 
pendently of an address s^^.pf' tbe CPU; and 13 for a 
CPU peripheral circuit made up of tHe wait/wait cancel 
instruction setting register 11,. wah^sighal generator 12 
and address decoder 2. ] 
[0025] Next the operations wifl be described! 
[0026] Here, the workings of the embodiment will be 
shown in the following order as an example: there is ini- 
tially a no-wait state, followed by a wait instruction being 
set to the wart/wait cancel instruction setting register 1 1 . 
then, with data written to tie low-speed device 3, the 
established wait state is canceled. The CPU 1 first 



fetches from a ROM the next instruction to be executed 
in accordance with a.built-in program counter. The CPU 
1 then writes a wait instruction to, the wait/wait cancel 
instruction setting register 1 1 memory-mapped to an I/O 
s (input/output device) area of the.CPU 1 , after the CPU 1 
fetches the instruction executed by the inner-program 
counter from the ROM. Namely, up to this point, the 
CPU i is operating in ttie~no-wart state as depicted in 
the first half of Fig. 3(a), and a read, signal 6 generated 
iq per clock "pulse causes an operand and an operation 
code to be read in, as well as a wrjte signal 7 generated 
two clock pulses later causes the wait instruction placed 
on.the address/data bus 4 to be written to the wait/wait 
cancel instruction setting register it that has been 
is addressed. 

[0027] Thus, with the wait instruction written to the 
wait/wait cancel instruction setting register 11, a wait 
signal 10 generated by the wait signal generator 12 is 
input to the wait terminal 9 of the CPU 1 starting from 
20, the next program state, i.e., at the next, operation code 
- fetch, thereby causing enable, a wait operation to take 
place,, so that, from this point on M the first embodiment 
operates in a wait Estate as shown in the latter half of Fig 

< 3(b) <■ . , ' .-\ f V 
25 [0028] Where the CPU 1 is to access thf low-speed 
device 3 for a write operation thereto in the wait state, 
the CPU 1 first fetches the next instruction to be exe- 
cuted from the ROM as described above. Because the 
wait/Wait cancel instruction setting register 1,1 is set with 
30 the wait instruction at, this pointy the operation code 
fetch pycfe is aiso subject to a wait operation (in the 
.exarnple of Fig. 3(a), a read signal 6 forjeading the 
operand and operation code is generated af intervals of 
. two clock pulses)." ;> 
35 10029] ^The.CPU 1 then outputs onto the address/data 
,. ; bus 4 .a target jntra-device address to which to write 
data. This address, is input to' the, address decoder 2 
, from the. i addres^data.'bus''4. Upon receipt of the 
address, the address decoder 2 outputs a chip select 
40 r signal,^ in accord^ce with the address. The chip select 
signal^ from ^e.address decoder 2 is input to the chip 
selecUerminai 8 bf^the appropriate low-speed device 3 
I . . that has. been _selectecj by the CPU 1 . 

„ [0j)30] After placing the address onto the 

45 address/data.bus 4] the CPU 1 outputs a write signal 7 
and places onto the, address/data bus 4 target data to 
be written. At this point, the wait state is in effect 
because the wart/wait cancel instruction setting register 
11 is set with the wait instruction. Thus the CPU 1 per- 
50. forms a wait operation based on the wait signal 10 out- 
put by the wait signal generator 12. In the example of 
Fig. 3(a), the write data placed on the address/data bus 
4 are written to the. low-speed device 3 in accordance 
with a write signal 1 generated four clock pulses after 
55 the read signal 6 for reading the operand and operation 
code. 

[0031] When canceling the wait state established in 
the above-described manner, the CPU 1 first fetches 
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from the ROM the instruction to be executed next in 
accordance with the built-in program counter as shown 
in Fig. 3(b).. The' CPU 1 then writes a wait cancel 
instruction to the wait/wait cancel instruction setting reg- 
ister memory-mapped to the I/O area of the CPU.' With 
the wait cancel instruction written to the wait/wart cancel 
instruction setting register'1 1', a* wait signal 10 (a signal 
to cancel the wait state in this case) generated by the 
wait signal generator 1 2 is input to the wah terminal 9 of 
the CPU 1 starting from the next program state, i.e. at 
the next operation code fetch, whereby this dsaUes the 
wait operation. From this point on, the first embodiment 
operates without the wait operation . 
[0032] Although the process in the example above 
was shown involving a write access to the tow-speed 
'device 3, the same holds for cases of a read access to 
the' device 3. 

[0033] As described* abdye, according to the first 
embodiment, it allows a suitable program to set or can- 
cel a' wait state freely and independently of address 
space constraints', and there is an effect that even if 
there fs any change in diverse Vnemory and I/O device 
arrangements, it can be dealt with by only modifying the 
program. * 

Second Embodiment \ [ t 

[0034] The first erribodi merit was shown using a reg- 
ister setting wily a wart instruction and st wait cancel 
instruction as the wait/wait cancel instruction setting 
register, and a c^e was explained that a wait/w^it can- 
cel is simpty performed to all accessible devices. Alter- 
natively, the second embodiment may have the wait/wait 
cancel instruction setting register provided wrtrra func- 
tion for setting a bus cycle extension count N, thereby 
allowing a wait access of the predetermined N-times 
bus cycle extensions as diesjgnated with respect to all 
the configured accessible devices. ... 
[0035] r Fig. 4 shows an example of constitution of a 
preferred data processor as { sucfy emb<ximent of this 
invention. In Fig. 4. reference* numeral 1 14 denotes a 
wait/wait cancel instruction setting register having a bus 
cycle extension count designating function. In addition 
to its original capability, the register 14 may have a bus 
cycle extension count N set thferetd. Reference numeral 
15 represents a ready signal generator acting as a wait 
controller that generates a ready signal to the CPU 1 in 
accordance with the setting' of the wait/wait cancel 
instruction setting register 14' having the bus cycle 
extension count designating function, and 16 shows the 
ready signal. Reference numeral 17 stands for a ready 
termihal of the CPU 1 for receiving the ready signal 16, 
and the CPU 1 extends bus cycles as long as the ready 
signal 16 is being input to the ready terminal 17. The 
other parts of the second embodiment with their coun- 
terparts already shown in Fig. 2 are designated by like 
reference numerals, and their descriptions are omitted. 
[0036] Next the operations will be described. 



[0037] The CPU 1 writes a wait instruction together 
with a bus cycle extension count N to the wait/wait can- 
cel instruction setting register 14 having the bus cycle 
extension count designating function. When the bus 

5 cycle extension count N and the wait instruction are 
written to the register 1 4 as above, the ready signal gen- 
erator 15 generates and outputs a ready signal 16 hav- 
ing an N-cycle width on the basis of the setting of the 
wait/wait cancel instruction setting register 14 starting 

70 from the next program state. The ready signal 1 6 is sent 
from the ready signal generator 15 to the ready terminal 
1 7 of the CPU 1 . During the N-times bus cycle that the 
ready signal 16 is being input to the ready terminal 17, 
the wait access due to the extension of bus cycle is per- 

75 formed. ' - 

[0038] In addition, when canceling such a wait state 
above, as with the first embodiment, there is performed 
by CPU 1 writing await cancel instruction to the wait/wait 
cancel instruction setting register 14 equipped with the 

20 bus cycle extension count designating function. 

[0039] As described above, according to the second 
embodiment, it Allows a suitable program to set freely as 
many as N-times bus cycle extensions and to cancel the 
wait state independently of address space constraints. 

25 Because the number of bus cycle extensions N is pro- 
grammable; there is 'an effect that changes in diverse 
memory and I/O device arrangements can be dealt with 
by simply' making necessary program modifications. 

30 Third EmbodimCTt >: " 

[0040]; In the second embodiment, although a case 
Was explkihed that the wait/wait cancel instruction set- 
' * ting register was shbwri comprising the bus cycle exten- 
ds • sion count designatingfurictioh, arid the number of bus 
cycle Extensions N designated by the CPU was held in 
the register,' the third'embodiment may include a sepa- 
rately furnished bus cycle extension count setting regis- 
ter for retaining the bus cycle extension count N 
40 specified by the CPU" 

[0041 ] Fig. 5 illustrates an example of constitution of a 
data processor practiced as the third embodiment of 
this invention/ and in ther figure, reference numeral 18 
v denotes a bus'cycie extension 1 count setting register that 
45 accommodates the biis cycle extension count N desig- 
' ' nated by the CPU f. The third embodiment differs from 
the second embodiment in that the wait/wait cancel 
instruction setting register 14' of the second embodi- 
ment having the bus cycle extension count designating 
so function is replaced by two separate registers: the bus 
cycle extension count' setting register 18. and the 
wait/wait cancel instruction setting register 1 1 also used 
by the first embodiment and not comprising the bus 
cycle extension count designating function. 
55 [0042] The operations will be described next. 

[0043] The CPU 1 first writes a bus cycle extension 
count N to the bus cycle extension count setting register 
18, and as with the first embodiment, the CPU 1 then 
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writes a wait instruction to the waitfwait cancel instruc- 
tion setting register 1 1 . Thus, after the bus cycle exten- 
sion-count N and the wait instruction are written to the 
bus cycle extension count setting register 18 and 
wait/wait cancel instruction setting register 1 1 respec- 
tively, the ready signal generator 15 generates and out- 
puts a ready signal 16 of an N-cycle width starting from 
the next program state in accordance with the settings 
of the two registers- As with the second embodiment, 
the ready signal 16 is sent from the ready signal gener- 
ator 15 to the CPU 1 . While the ready signal 16 is being 
input to the ready terminal 17 of the CPU 1, the CPU 1 
waits during the N-times bus cycles before access. 
[0044] As described above; according to the third 
embodiment, it allows a suitable program to provide N- 
time bus cycle extensions and to cancel the wait state 
as desired and independently of address space con- 
straints. Because the number of bus cycle extensions N 
is programmable, there f is an effect that changes in 
diverse memory and I/O ^device arrangements can be 
dealt with by simply making necessary program modifi- 
cations. ' * - 

Fourth Embodiment - 

[0045] Although the second and the third embodi- 
ments were shown having the bus' cycle extension 
count N established so as to enter a wait state of the N- 
times bus cycle extensions with respect to aff the config- 
ured accessible devices, Mr may have the wait setting 
register, to which to set a wait instruction ■ 'equipped with 
a wait operation enable cycle count M designating func- 
tion : . Furnished with the riew function, 'the fourth embod- 
iment may wait during the designated M cycles before 
* accessing any one- of the configured accessible 
devices. ■ ' ■*'•■ 

[0046) Fig. 6 shows an example of constitution of a 
data processor practiced as the fourth embodiment of 
the invention, and those parts that aiso appealed in the 
first embodiment of Fig: 2 are designated by like refer- 
ence characters and their descriptions are omitted 
where redundant, in the figure, reference numeral 19 
denotes a wait setting register comprising a wait opera- 
tion enable cycle count function, and thfc register 19 
allows not only a wait instruction but also' a wait opera- 
tion enable cycle count M~ (number -of times the wait 
operation is performed) to be set thereto. A wait cancel 
instruction wilt not be set'to this wait setting register 19. 
Reference numeral 20 represents a cycle clock signal 
for cycle courting "purposes output by the CPU 1 for 
transfer to the wait signal generator 12 serving as a wait 
controller under control of the wait setting register 19 
having the wait operation enable cycle count designat- 
ing function. - 

[0047] Next' the operations will be described. 
[0048] As with the first embodiment, the CPU 1 of the 
fourth embodiment writes a wait operation enable cycle 
count M as well as a wait instruction to the wait setting 



" register 19 with the wait operation enable cycle count 
designating function. Then, after the wait operation ena- 
ble cycle count M and the watt instruction are written to 
the register 19, the wait signal generator 12 generates 

s and outputs a wait signal 10 having an M -cycle width 
starting- from the next program state by counting the 
cycle clock signal 20 from the CPU 1 on the basis of the 
count value M set in the wait setting register 19. 
'[0049] TTie wait signal 10 of the M-cycle width is sent 

w from the wait signal generator 12 to the CPU. 1, then, 
with the wait signal 10 input to its wait terminal 9, the 
CPU 1 waits during the M cycles before access! In addi- 
tion, after trie M cycles have elapsed, the wait state is 
automatically canceled, and thereafter, normal access 

15 operations may continue. 

[0050] As described' above, according to the fourth 
embodiment, it' allows a suitable program to set or can- 
cel wart'state as desired and independently of address 
space constraints. Because the wait operation enable 

20 ' cycle count M is programmable, there is an effect that, if 
a count value is established, the wait operation is per- 
formed as many times as designated and then canceled 
without the additional use of a wait cancel instruction. 

25 Fifth Embodiment * : " c 1 1 ; r : v 

[0051] Although there is explained that the fourth 
embodiment was shown comprising a wait setting regis- 
ter capable of accommodating a wait instruction and fur- 

30 ther a designated function having a wait operation 
enable cycle count M therein, to wait during the desig- 
nated M cycles before access; it may have a bus cycle 
extension count setting register set with a bus cycle 
extension count N to permit as many as N-times bus 

35 cycle extensions. 

[0052] Fig/ 7 depicts an example of constitution of a 
data processor practiced as the fifth embodiment of the 
invention, and those parts that also appeared" in the 
s fourth embodiment "of Fig. 6 are designated by like ref- 

40 r 6rehce characters and' their descriptions are omitted 
where redundartt. In the fjgure, reference numeral 18 
' denotes a bus cycle extension count setting register for 
retaining the Bus cycte extension count N designated by 
: the CPU 1; and is identical to' its counterpart of the third 

45 embodiment in Fig. 5, indicated by the skme reference 
numeral. Reference humeral 21 represents a ready sig- 
nal generator serving as a wait controller for generating 
a ready signal td the : CPU 1 In accordance with the set- 
tings of both the bus cycle extension cbunt setting reg- 

so ister 18 and the wait setting register 19 having the wait 
operation enable cycle count designating function: Ref- 
erence numeral 16 shows its ready signal and 17 
stands for a ready terminal of the CPU 1 . 
[0053] The operations will be described next. 

55 [0054] The CPU 1 first writes a bus cycle extension 
count N to the bus cycle extension count setting register 
18. then, as with the fourth embodiment, the CPU 1 of 
the fifth embodiment then writes a wait operation enable 
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cycle count M as well as a wait instruction to the wait 
setting register 19 with the wait operation, enable cycle 
count designating function. After the bus cycle exten- 
sion count N and wait operation enable cycle count M 
are written to the registers 18. and 19 . respectively as 
such, the ready signal generator 21 generates and out- 
puts a ready signal. 16 starting from the next program 
state in accordance with the settings N and to of the two 
registers 18 and "1.9^ 

[0055]. ...The ready signal, 16 has an. N-cyde width 
based on the bus cycle extension count N set in the bus 
cycle" extension count setting register 18, and is sent 
from the ready signal generator 21 to the CPU 1 . With 
the ready signal 16 input tq.its ready terminal. 17, the 
CPU 1 waits during^the N-tirnes bus cycle extensions 
before access. The CPU ,1 also waits during the M 
cycles based dp 1 the. wait, operation enable cycle count 
. M set in the wait setting register ,1.9 before access. After 
the wait operation of the M cycles, the wart state is auto- 
matically canceled, and thereafter, normal aqcess.oper- 
ationgTmay continue. . . . . , .-. . t 

[0056j As described above, according to the fifth 
embodiment, ft allows a suitable program to provide N- 
times bus cycle extensions as desired and independ- 
ently of address space con$traints : Because, tfie wait 
.operation enable cycle cbunj W i%aiso programmable, 
there \s an. effect that . if a count value is ^established, the 
. wait operation is performed as many. fime% as.desig- 
' nated and then canceled without the,additional use of a 
.wart cancel instruction. ^ r * : 

' INDUSTRIAL APPLICABILITY ' ; 

[0057]. As mentioned above,, the , data processor 
according to ^the. present invention, uses ^input/output 
devices having difference in access speed between 
. read arid write operations, so;thatitis useful tadealwith 
two mutually "exclusive choices: adjust .lathe low-speed 
for write access and t have t an extra processing, time 
spent wastefuily by the CPU on the one hand ; or adjust 
to' the high-speed for read access and^nd.K|rT|p^sible 
to carry out data write operations, at that speeCLon the 
other hand, and particularly, suitable for use jn micro- 
computer-applied systems having their prograrns writ- 
ten.to an expensive flash memory at their prototype trial 
stage and later to an inexpensive one-time ROM at the 
commercial stage. t 

Claims " _ . . T. , . 

1 . A data processor comprising: 

a CPU capable of performing wait operations; 
accessible devices such as a memory and 
input/output devices which are accessible by 
said CPU; 

a wait/wait cancel instruction setting register to 
which said CPU sets a wait instruction and a 



wait cancel instruction as programmed; and 
a wait controller for permitting wart-based 
access to all of said accessible devices starting 
from the next program state in accordance with 

s said wait instruction set in said wartfwait cancel 

instruction setting register, said wait controller 
further outputting to said CPU a wait signal for 
canceling the wait operation on all of said 
accessible devices starting from the next pro- 

w gram state in accordance with said wait cancel 

instruction set in said wait/wait cancel instruc- 
tion setting register. 

2. A data processor according to t claim 1 , wherein said 

is . wait/wait cancel instruction setting register is fur- 
nished additionally with a bus cycle extension count 
designating function for retaining a^bus cycle exten- 

L J : - sion count N designated by said CPU; and 

wherein, said, wait controller outputs to said 

20 CPU a ready signal for permitting wait-based 
access to all of said accessible devices during N- 
times bus cycle extensions starting from the next 
program state on the basis of said wait instruction 
and . of said bus cycle extension count N set in said 

25 . . wait/waitjcancel instruction setting register. 

,3. ; A da^prgcessoi^ccording to^-daim 1 , further com- 
. „ ... - prising a bys pycle .extension count qetting.register 
for retaining .a^bus^pypieiextengiop count desig- 
30 , 7 . .rated by said jCP'U';-.. . ;-• *; \:v :it - h ' r 

,/ " r , .wherein said, vyajt , controller outputs to said 
CPU a ready .signal for , permitting - wart-based 
. access to all ,pf ,said :accessible^devices during N- 
times bus cycle extensions starting from the next 
35 . t . . program jstate on the basis of said bus cycle exten- 
sion.count N set in said bus cycle extension count 
setting register; and. of- said wait instruction set in 
„ said wait/wait cancel jnstructipn setting register. 

40 .4... r A data processor conprising: ,, : > v . . c : v 

r , . a^CRU. capable of performing wait operatipns; 
.. r : , accessible ^devices such as, a .memory and 
. input/output devices which accessible by 
45 . said CPU;, : . c ^ - : r t .c. 

.. t - t . a. wait setting ; register, having a wait operation 
...... " ( - enable cycle . count designating function to 

T . - which said CP.U. : sets a wait instruction and a 
... . wait operation .enable cy t cle,,count -M as pro- 

so\ , / grammed; and , — r , ■ ^ . . 

.. a wait -controller for permitting wait-based 
access to all of said accessible devices starting 
r; from the next program state during the M 
. cycles designated by said wait operation ena- 
55 . ble cycle count M in accordance with said wait 

instruction set in said wait instruction register, 
said wait controller thereafter outputting to said 
CPU a wait signal for automatically canceling 
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the wait operation on all of said accessible 
devices. 

A data processor according to claim 4, further com- 
prising a bus cycle extension count setting register s 
for retaining a bus cycle extension count N desig- 
nated by said CPU; 

wherein said wait controller permits wait- 
based access to all of said accessible devices dur- 
ing N-times bus cycle extensions starting from the ' w 
next program state on the basis of said bus cycle 
extension count NT setin said bus cycle extension 
count setting register and of said wait instruction 
and said wait operation enable cycle count M set in 
said wait setting register having said wait operation 15 
enable cycle count designating function, said wait 
controller further permitting wait-based access dur- 
ing the M cycles, said wait controller thereafter out- 
putting to said CPU £ wait signal fur automatically 
canceling the wait operation on all of said 4cces?l- po u ... 
ble devices. 
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